ABSTRACT -This study aimed at estimating the heritability of age at first calving and of performance traits included in the selection index and the genetic correlations between age at first calving and these performance traits. Data were extracted from the Conexão Delta G database and only data from herds in which heifers were bred younger than 24 months of age were used, resulting in a file with 331,310 evaluated animals. The following traits were included in the analyses: age at first calving, birth to weaning gain, post-weaning weight gain, visual scores of conformation, precocity, and muscling evaluated at weaning and in yearling heifers. Covariance components were obtained by bi-character analyses between traits. An alternative age at first calving was also taken into account, in which all heifers were used, including those that were mated and did not calve. Covariance components and estimates of the effects included in the model were obtained using the software program DMU. Heritability estimates were 0.11 and 0.13 for age at first calving and alternative age at first calving, 0.38 for birth to weaning gain, and 0.13 for post-weaning weight gain. Visual score estimates ranged between 0.16 and 0.18 at weaning and 0.19 and 0.29 in yearlings. Genetic correlation estimates of the traits were low, but in the desirable direction. Selection for birth to weaning gain and visual scores does not have a negative effect on age at first calving or alternative age at first calving.
Introduction
Age at first calving (AFC) in cattle determines reproduction precocity of heifers, that is, how early they are able to conceive, gestate, and calve. Although this trait is easy to collect when calving date is known, AFC expression depends on the breeding season when the heifer was born and when it was mated. In tropical regions, late age at first calving is one of the main negative factors that influence beef production. Reducing age at first calving increases profitability (Nunez-Domingues et al., 1991) . Although estimates of heritability for reproductive traits are low (Dias et al., 2004; Azevêdo et al., 2006) , age at first calving of Nelore heifers is highly variable, ranging from 47 (Biffani et al., 2000) to 35 months (Dias et al., 2004) , suggesting that it can be reduced.
To improve carcass characteristics in Nellore cattle, the use of visual scores has been used (Forni et al., 2007; Koury Filho et al., 2009 . The use of these visual scores has the advantage of being performed on live animals and at early ages.
Selection for unique characteristics may be accompanied by correlated responses in other characteristics. However, these correlated answers are not always in the desired direction. This can be seen when the selection for weight gains and carcass characteristics can result in larger-sized animals. Consequently, the size of the females may also increase, resulting in higher nutritional requirements, which in turn may negatively affect the reproductive performance of females kept on pasture. To try to solve these problems, the use of selection indices are fundamental (Hazel et al., 1994) .
Whenever using selection indexes, it is essential to evaluate whether the results of the selection are in accordance with what was predicted, as well as to make the necessary adjustments. In this way, it is very important to monitor the genetic changes that may have occurred. Therefore, the objectives of the present study were to estimate the heritability of age at first calving and R. Bras. Zootec., 46(4): [303] [304] [305] [306] [307] [308] 2017 production traits included in the Conexão Delta G selection index and to estimate the genetic correlations between age at first calving and these production traits.
Material and Methods
Data of Nelore cattle were extracted from the database of Conexão Delta G. Only data from commercial herds that breed their heifers younger than 24 months of age were included, resulting in a file with 331,310 animals born between 1984 and 2008 in herds of eight different states of Brazil. The pedigree file contained 387,877 animals.
The following traits were included in the analyses: age at first calving, birth to weaning weight gain, post-weaning weight gain, visuals scores of conformation at weaning and at 18 months, precocity at weaning and at 18 months, muscling at weaning and at 18 months, and final index.
An alternative age at first calving (AFCg) was also evaluated, in which all heifers, including those that were mated and did not calve, were taken into account. The AFCg of non-calving heifers was computed as if heifers calved 60 days after the last heifer of the same management group had calved (Bormann and Wilson, 2010) .
Animals were individually scored for conformation, precocity, and muscling relative to their management group in a scale of 1 to 5, as described by Severo (1994) .
The production traits were pre-adjusted for age, dam age, and Julian birth date using correction factors generated by Conexão Delta G.
Age at first calving and AFCg contemporary groups were formed by farm, year of birth, calving season, and management group. Contemporary groups of production traits were formed by farm, year and season of birth, sex, management group, and Julian date of the evaluation.
Animals were evaluated and ranked according to an index, called final index. Percentage weightings applied on the standardized expected progeny differences of the traits included in the final index were: birth to weaning weight gain (kg), 25%; conformation at weaning (1-5 score), 4%; precocity at weaning (1-5 score), 8%; muscling at weaning (1-5 score), 8%; post-weaning weight gain (kg), 25%; conformation at 18 months (1-5 score), 4%; precocity at 18 months (1-5 score), 8%; muscling at 18 months (1-5 score), 8%; and scrotal circumference (cm), 10%.
Traits were analyzed using a bi-character animal model (Schaeffer, 2011) , in which reproductive traits (AFC or AFCg) were analyzed together with production traits (weight gains, visual scores, and final index).
The general model used, in matrix notation, is described as follows: Y = Xβ + Za + Wm + Sp + e, in which Y = vector of phenotypic records; X = incidence matrix relating each observation to each fixed effect; β = vector of fixed effects (contemporary groups); Z = incidence matrix of direct additive genetic effects; a = vector of direct additive genetic effects; W = incidence matrix of maternal additive genetic effects; m = vector of maternal additive genetic effects; S = incidence matrix of permanent environmental effects; p = vector of permanent environmental effects; e = vector of random residuals.
Maternal additive genetic effects and maternal permanent environmental effects were included only in the traits evaluated at weaning. In the final index analyses, only direct additive genetic effects were considered.
Covariance components were estimated by the method of restricted maximum likelihood. The DMU program (Madsen et al., 2006) was employed to obtain covariance components and the solutions of the effects included in the statistical model. Direct (σ a 2 ) and maternal (σ m 2 ) additive genetic variance estimates were expressed as ratios of the phenotypic variance (σ t 2 ), as: σ t 2 = σ a 2 + σ m 2 + σ am + σ p 2 + σ e 2 . Direct and maternal heritabilities were calculated as: h a 2 = σ a 2 /σ t 2 and h m 2 = σ m 2 /σ t 2 , respectively. The genetic correlations between direct additive effects of the pairs of traits analyzed together (r a12 ) were calculated as r a12 = σ a12 /(σ a1 σ a2 ), in which σ a12 = genetic co-variance between direct additive effects of the pair of traits evaluated together, σ a1 = direct additive genetic standard deviation of the first trait, and σ a2 = direct additive genetic standard deviation of the second trait.
Results
Age at first calving and AFCg calculated means were 33.36 and 33.39 months, respectively (Table 1 ). The heritability estimates of the direct effect of the reproductive traits AFC and AFCg were both 0.11 at weaning (Table 2) and were higher at age of 18 months (0.13) (Table 3) . When the second character was the final index, heritability for AFC and AFCg was 0.12 (Table 4) .
Although the estimated heritability for AFC and AFCg was of low magnitude, the analysis of data of the bulls included in the selection program with more than 100 daughters evaluated ( Figure 1 ) showed high variability in the percentage of daughters with AFC lower than 28 months of age, suggesting that AFC may be reduced by genetic selection if the best bulls for this trait are used.
The variability is also observed when AFC is standardized to expected progeny differences and bulls with more than 100 daughters were analyzed ( Figure 2 ). In this particular case, the difference between best and worst bulls is close to 20 days and the use of best bulls could generate heifers with AFC 10 days earlier than average bull's daughter. The heritability estimate obtained for birth to weaning weight gain was 0.18 and 0.19 for post-weaning weight gain.
Heritability estimates for the evaluated visual score traits ranged between low and intermediate, with the lowest value obtained at weaning for muscling (0.16) and the highest for precocity (0.18). The lowest heritability estimate obtained in yearlings was for weight gain (0.19) and the highest for precocity (0.29).
Direct heritability estimates found for the visual score traits at weaning were 0.17, 0.18, and 0.16, respectively for conformation, precocity, and muscling. Maternal heritability estimates found for the visual score traits at weaning were 0.07, 0.06, and 0.07, respectively for conformation, precocity, and muscling. -heritability of the direct effect of the second trait (AFC or AFCg); r a12 -genetic correlation between both traits. Direct heritability estimates of the visual scores at 18 months were 0.27, 0.29, and 0.27 for conformation, precocity, and muscling scores, respectively.
The analyses demonstrate, in general, weak and negative correlations between production traits and AFC, ranging from almost zero (-0.01 for post-weaning gain -AFC) to low (-0.13±0.03 for precocity at 18 months -AFC), except for the correlations between weight gain and conformation at weaning (0.14 and 0.18, respectively), which were positive.
The estimated direct heritability for the final index was almost 1 (0.98) and genetic correlations between final index and AFC or AFCg were -0.08 and -0.09, respectively (Table 4) .
Discussion
Means for AFC and AFCg were close to the value observed by Dias et al. (2004) -residual variance of the second trait (AFC); σ a12 -covariance between the direct effect of the first trait and the direct effect of the second trait; h 2 a1 -heritability of the direct effect of the first trait (weight gain, conformation, precocity, or muscling) ; h 2 a2 -heritability of the direct effect of the second trait (AFC or AFCg); r a12 -genetic correlation between both traits. Table 3 -Covariance component estimates and genetic parameters obtained with the bi-character analyses of the traits age at first calving (AFC) and age at first calving with the inclusion of heifers that did not calve (AFCg) with weight gain (YG), conformation (YC), precocity (YP), and muscling (YM) at eighteen months of age may calve earlier than those born early in the same season (Bormann and Wilson, 2010) .
The low values for AFC and AFCg heritabilities are consistent with those reported in literature for Nelore, ranging between 0.09±0.03 (Dias et al., 2004) and 0.21±0.05 (Azevêdo et al., 2006) . The similar values obtained for AFC and AFCg heritability estimates may be explained by the high heifer pregnancy rate in the studied herds, which number of non-pregnant females represented 19.58%. This probably happened because farmers do not report all heifers exposed to breeding, but only those that got pregnant and calved.
Values found for direct heritability for visual score traits were consistent with those obtained by Forni et al. (2007) , who obtained heritability estimates of 0.12, 0.15, and 0.12 for conformation, precocity, and muscling at weaning, respectively in Nelore cattle. Koury Filho et al. (2010) , in herds with predominantly Nelore genes in their genetic composition, found heritability estimates of visual scores of 0.13, 0.25, and 0.23 for conformation, precocity, and muscling, respectively, at weaning.
The highest heritability values found at 18 months of age show that maternal environmental effects and maternal genetic effects were in some way important in the estimation of heritability at weaning. Koury Filho et al. (2010) observed that the inclusion of the maternal environmental effect is important in the evaluation of traits up to weaning, even though the maternal genetic effect is considered. These authors also found higher heritability estimates for data at 18 months than at weaning. Forni et al. (2007) obtained lower maternal heritability estimates than those found in this study for visual scores at weaning (0.04 for conformation, 0.03 for precocity, and 0.05 for muscling) in Nelore cattle. Values for direct heritability estimates for conformation, precocity, and muscling were similar to those obtained by several researchers (Cardoso et al., 2004; Koury Filho et al., 2009) .
The results for the genetic correlations were consistent with literature, in which the genetic association between growth and reproductive traits are usually reported as close to zero or slightly negative (Mercadante et al., 2000; Pereira et al., 2001) . The genetic correlations between weight gain from birth to weaning and conformation at weaning with AFC (0.14 and 0.18, respectively) indicate that the higher the weight gain at this stage, and the better the conformation, the greater the age at first calving. On the other hand, AFC correlations with precocity and muscling at weaning were small, showing that they are almost genetically independent. The negative signs in these two correlations indicate that the greater the muscling, and the greater the precocity, the lower the age at the first parturition. These results suggest that these traits, which are subjective and related to finishing, should be used with caution when the intention is to correlate them with sexual precocity.
The positive associations between AFC and weight gain from birth to weaning and between AFC and conformation at weaning may also be explained by the fact that weight gain is genetically determined and associated to mature size. Selection for weaning and yearling weights of replacement heifers result in cows with bigger mature sizes (Klosterman, 1972) , which may negatively affect female fertility (LunaNevarez et al., 2010) .
However, Mercadante et al. (2003) , in a study with Nelore cattle, concluded that the selection for body weight results in significant body weight responses in yearlings and older cattle, but the trait days to calving is not affected. Our results partially agree with theirs, once the correlation close to zero between AFC and weight gain at 18 months of age (-0.01 and -0.04, respectively for AFC and AFCg) indicates they are genetically independent from each other.
At eighteen months of age, the correlations between precocity and muscling with AFC and AFCg remained low and negative, despite a small numerical increase. On the other hand, the correlation with conformation decreased, being close to zero and negative.
The inclusion of heifers that did not calve in the analysis of the data of 18 months increased correlation values up to 5%. Supporting the idea that heifers that did not conceive after the breeding season would have worse genetic merit for this trait and removing them from the analysis may exclude relevant information on genetic differences among herds (Meyer et al., 1990) .
The genetic correlations between AFC and final index (Table 4) were low (-0.08 and -0.09, respectively for AFC and AFCg). Despite this low genetic correlation, it is favorable, as the increase in the final index tends to be coupled with a reduction in AFC. The negative correlation is probably due to the traits precocity and muscling, which are part of final index and are negatively correlated with it. The heritability estimates close to 1.00 found in the present study for final index are due to the fact that this index is based on standardized expected progeny differences, which contain the sum of the additive genetic effects after the non-genetic effects that influence the phenotype to be removed.
Conclusions
The heritability estimates obtained in the present study show that it is possible to achieve genetic gains by selection of all the analyzed traits. However, higher response to selection is expected when selection is practiced at eighteen months of age than at weaning. Apparently, selection for traits related to carcass characteristics and production, such as visual scores and selection index including these traits, do not affect, or minimally affect, the age at first calving and vice versa.
